To obtain more insights into the prevalence and diversity of species-specific Feline Immunodeficiency Virus (FIV) strains in naturally occurring felid species, 26 leopards (Panthera pardus) from the Kruger National Park (KNP), South Africa, were sampled. Prevalence was determined using a PCR protocol designed to target a 577 bp fragment in the pol-RT gene. Overall prevalence of FIV Ppa was estimated at 73%, with no difference in prevalence between male and female leopards. Consistent with previous FIV studies on other felid species, prevalence appears to increase with age (adult = 84%; subadult = 43%). Phylogenetic analyses of these novel sequences were conducted against a revised FIV pol-RT species-specific reference dataset using both Bayesian and maximum likelihood methods. Within FIV Ppa two distinct evolutionary groupings are present, which suggests the possibility of geographic variation within FIV Ppa and the possibility of distinct subtypes, similar to what has been found in lions (Panthera leo) and domestic cats (Felis catus). The larger FIV Ppa dataset provides new insights into the epidemiology of this under-studied FIV strain and with such high prevalence rates, further studies should focus on immunological and clinical consequences of FIV in wild felids.
INTRODUCTION
Lentiviruses (Retroviridae) such as the well-known Human Immunodeficiency Virus (HIV) are not unique to humans and have been isolated from a number of mammalian taxa (Miller, Cairns, Bridges & Sarver, 2000) . For example, two well-studied lentiviruses in animals include the primate associated Simian Immunodeficiency Virus (SIV) and the feline associated Feline Immunodeficiency Virus (FIV). HIV in humans represents a recent cross-species transmission of SIV from non-human primates, and apart from SIV, FIV represents the only other well-studied natural animal model to explain the evolution of Immunodeficiency Viruses in mammals. In fact, HIV, SIV and FIV are structurally, genomically and seemingly pathogenically similar (Pedersen, Yamamoto, Ishida & Hansen, 1989; Bendinelli et al., 1995; Miller et al., 2000; O'Brien, Troyer, Roelke, Marker & Pecon-Slattery, 2006) . FIV (previously feline T-lymphotropic lentivirus) was first described in the domestic cat (Felis catus) nearly 30 years ago (Pedersen et al., 1989) and has since been detected in several nondomestic felids (Olmsted et al., 1992; Brown, Miththapala & O'Brien, 1993; Troyer et al., 2005) . Within the family Felidae (comprising 38 species), 19 species have been identified as sero-reactive to FIV, and infection has been confirmed in 11 species using PCR (Troyer et al., 2005; Pecon-Slattery, Troyer, Johnson & O'Brien, 2008b) . Lentiviruses infecting feline species are related (VandeWoude et al., 1997; Troyer et al., 2005) and in most instances FIV is species-specific (VandeWoude & Apetrei, 2006) . Unique FIV lineages have been described in the domestic cat (FIV Fca ) (Olmsted et al., 1989a; Olmsted, Hirsch, Purcell & Johnson, 1989b) , African lion (Panthera leo -FIV Ple ) (Brown, Yuhki, Packer & O'Brien, 1994; Troyer et al., 2005) , puma (Puma concolor -FIV Pco ) (Olmsted et al., 1992; Carpenter et al., 1996) , Pallas cat (Otocolobus manul -FIV Oma ) (Troyer et al., 2005; Brown et al., 2010) , bobcat (Lynx rufus -FIV Lru ) (Franklin et al., 2007; Lee et al., 2012) , cheetah (Acinonyx jubatus -FIV Aju ) (Troyer et al., 2005) , leopard (Panthera pardus -FIV Ppa ) (Carpenter et al., 1996; Troyer et al., 2005) , ocelot (Leopardus pardalis -FIV Lpa ) (Troyer et al., 2005) , jaguarundi (Puma yagouaroundi -FIV Pya formerly Herpailurus yagouaroundi -FIV Hya ) (Troyer et al., 2005; Johnson et al., 2006) , snow leopard (Panthera uncia -FIV Pun ) (Troyer et al., 2005) and spotted hyaena (Crocuta crocuta -FIV Ccr ) within the family Hyaenidae (Troyer et al., 2005) . The diversity among FIV strains within most of these host species is not that well documented, and more research is needed to answer questions regarding the presence and spatial distribution of FIV strains and subtypes. For those felids that have been more extensively studied, there is sufficient evidence to support large scale variation within species-specific strains of FIV. For example, five different monophyletic subtypes were detected in the domestic cat (FIV Fca subtypes A-E), six in the lion (FIV Ple subtypes A-F) and two in the puma (FIV Pco subtypes A and B) as reviewed by VandeWoude and Apetrei (2006) and (O'Brien et al., 2012) . In some instances, these subtypes are also geographically confined (Troyer et al., 2005; Antunes et al., 2008) .
Leopards are the largest of the spotted felids found in Africa (Skinner & Chimimba, 2005) and have a distribution that extends beyond that of many other felid species (Skinner & Chimimba, 2005; Henschel et al., 2008) . Like most members of the Felidae, leopards are solitary and are generally only seen together when males and females are mating or if a female is accompanied by subadults or cubs (Skinner & Chimimba, 2005; Macdonald & Loveridge, 2010) . The large geographic but intermittent range of leopards across Africa leads to predictions that some geographic variation may be present in FIV Ppa. In addition, the solitary nature of leopards may limit contact between individuals, and the prevalence of FIV in leopards is therefore predicted to be lower than the prevalence of FIV in more social species such as lions.
Knowing the prevalence and diversity of FIV Ppa in leopards is also important from a conservation perspective. The global leopard population is declining (Henschel et al., 2008; Stein et al., 2016) leading to the amendment of their conservation status from Near Threatened (Henschel et al., 2008) to Vulnerable (Stein et al., 2016) by the International Union for the Conservation of Nature (IUCN). Although the pathogenic effects of FIV in domestic cats have been more extensively studied, the pathogenic potential of the virus in wild felids is less well known (Brown et al., 1994; HofmannLehmann et al., 1996; Pecon-Slattery et al., 2008a; Adams et al., 2009) . In fact, baseline data for FIV in leopards is lagging behind as exemplified by the availability of only five FIV Ppa pol-RT sequences in GenBank (Carpenter et al., 1996; Troyer et al., 2005) .
This study aimed to extend the current knowledge on FIV diversity in wild felid species, and particularly in leopards. By screening free-ranging leopards occurring in the Kruger National Park (KNP), one of the largest protected areas in southern Africa, we aimed to provide new insights into the prevalence and diversity of FIV Ppa . To place the newly documented findings in perspective with what is known for FIV in felids, we compare the prevalence of FIV to other felid species and provide a phylogenetic analysis of FIV using all previously published FIV sequences available from GenBank. Since no current predefined reference dataset exists for FIV, such as the Los Alamos HIV Database (http://www.hiv.lanl.gov), we proposed an updated FIV pol-RT reference dataset to be used in future studies (also see Troyer et al. (2005) ). The FIV database represents a backbone where all duplicated sequences with different accession numbers were removed and it contains no missing data. For future referencing and expansion of the database, contributing authors and their associated studies were cited for each sequence and the sequence metadata was also summarized in tabular format.
MATERIALS AND METHODS

Sample collection
Between 2007 and 2013, 26 blood samples (preserved in EDTA) were opportunistically collected from free-ranging leopards that were livetrapped in the KNP, South Africa ( Fig. 1 Biobank and stored at -20°C at the Division of Medical Virology, Stellenbosch University, prior to analysis.
PCR amplification of proviral DNA Proviral DNA was automatically extracted from EDTA blood samples using a QIAGEN Blood Mini Kit and the QIACube (Qiagen, Hilden, Germany). Prior to PCR the DNA concentration (ng/µl) for each proviral DNA extraction was determined using the NanoDrop ND-1000 Spectrophotometer (NanoDrop Technologies Inc., Wilmington, DE, U.S.A.). Nested PCR was performed using primers designed by Troyer et al. (2005) to target the conserved pol-RT region (577 bp) of the FIV Ppa genome. All oligonucleotide primers were synthesized by Integrated DNA Technologies (IDT Inc., Coralville, Iowa, U.S.A.). First-round PCR was performed using 5 µl of extracted DNA (DNA concentration range 3.49-39.06 ng/µl) in a 50 µl reaction with a final concentration of 1x GoTaq ® Flexi Buffer, 2 mM MgCl 2 , 0.2mM concentrations of dNTPs, 0.4 µM concentration of each primer, and 2.5 units of GoTaq ® DNA polymerase (Promega, Madison, WI, U.S.A.). The first round of PCR involved the pre-nested P1F and P2R primers and the cycle protocol on a GeneAmp ® PCR System 9700 thermal cycler (Applied Biosystems, Carlsbad, CA, U.S.A.) was 2 min at 94°C, 40 cycles of 20 s at 94°C, 30 s at 45°C, and 45 s at 68°C, followed by a final extension of 5 min at 68°C. The second round of PCR was performed using 1 µl of pre-nested PCR product with the nested primers P2F and P1R, and a cycle protocol of 2 min at 94°C, 30 cycles of 20 s at 94°C, 30 s at 45°C and 45 s at 68°C, followed by a final extension of 5 min at 68°C. Negative controls were run alongside all PCR reactions to ensure that reagents were not contaminated during PCR. Agarose gel electrophoresis was performed on second-round (Altschul, Gish, Miller, Myers & Lipman, 1990 ). Prior to phylogenetic analysis, multiple sequence alignment was undertaken using ClustalX Version 2.1 (Larkin et al., 2007) . Sequence alignment was also optimized by using Codon Alignment Version 2.1.0 (http://www.hiv.lanl.gov) and manual adjustment.
Phylogenetic analysis
To place the diversity of newly generated FIV Ppa sequence data in context with the existing knowledge on FIV in all felid species, a pol-RT reference dataset was generated (Supporting Text; Fig. S1 ; Table S1 -Supplementary Material). All sequences that met the minimum requirements as outlined in the supplementary materials were phylogenetically analysed using the Maximum Likelihood method implemented in MEGA Version 6 (Tamura, Stecher, Peterson, Filipski & Kumar, 2013) . To find the most suitable evolutionary model for phylogenetic inference, Model Selection (ML) within MEGA was used together with the Bayesian Information Criterion (BIC), (Nei & Kumar, 2000) . Bootstrap analysis included 1000 iterations. In addition, Bayesian posterior probabilities were determined using Markov Chain Monte Carlo methods in MrBayes Version 3.2 (Huelsenbeck & Ronquist, 2001 ). The initial tree was random, and trees were sampled every 100 generations from a total of one million generations. Burn-in value corresponds to 25% of samples. To determine possible geographic structure among novel FIV Ppa sequences, we repeated the above analyses including all 19 FIV Ppa sequences obtained in the present study. Average sequence divergence and diversity values were derived from MEGA Version 6 using the optimal model of sequence evolution. Sequences were partitioned into distinct species-specific groups and then analysed to estimate the average evolutionary divergence and diversity together with the standard error for each.
RESULTS
Prevalence of FIV in leopards
Of the 26 leopard samples tested, PCR returned 19 positive samples resulting in an overall prevalence of 73%. Both male (n = 15) and female (n = 11) leopards showed an estimated prevalence of 73%. The prevalence of FIV in adult leopards (>4 years) was much higher (84%; n = 19) than the prevalence of FIV in subadult individuals (<4 years) (43%; n = 7). Reliable FIV pol-RT sequences of over 500 bp in length were obtained from all positive samples, and these 19 FIV Ppa sequences were deposited in GenBank under accession numbers KU705335-KU705353.
Phylogenetic analysis and sequence diversity of FIV pol-RT sequences
For the FIV pol-RT reference dataset the data was trimmed at the ends to exclude all missing data. The phylogenetic analyses incorporated first a rooted approach using the FIV Cco strain (Genbank accession numbers AY878196-AY878200 (Troyer et al., 2005) ) and since rooting in FIV is variable and thus problematic (see Carpenter et al. (1996); Troyer et al. (2005); Franklin et al. (2007) and Antunes et al. (2008) ), we also employed midpoint rooting. The rooted phylogeny was based on 83 sequences comprising 320 bp in length and the final alignment of the midpoint rooted tree comprised 78 sequences of 369 bp in length. Both the rooted and unrooted trees resulted in similar overall tree topologies (see also Franklin et al. (2007) ). To prevent duplication in presentation, we only present the analyses based on midpoint rooting. The BIC score supported the GTR+G+I as the best fit model for the midpoint rooted phylogeny. For the expanded dataset, which was also midpoint rooted (an additional 14 closely related leopard sequences were included to test for phylogeographic structure) the optimal model of evolution was T92+G+I. In both analyses all FIV Ppa sequences obtained from the KNP sampling site were monophyletic with significant posterior probability (³95%) and strong bootstrap support (ML Bootstrap = 92, Fig. 2 ; and ML Bootstrap = 99, Fig. 3) . However, the monophyly of all FIV Ppa sequences, was never retrieved in our analyses, since the monophyletic KNP clade is nested within a second clade comprising FIV from leopard, cheetah and Pallas cat (ML Bootstrap = 95; Fig. 2 and ML Bootstrap = 92; Fig. 3 ). In the present study, at least two distinct monophyletic lineages of FIV Ppa are evident ( Fig. 2; Fig. 3 ) albeit one of them with low bootstrap support (ML Bootstrap <70) . These two lineages represent a common KNP Group (n = 20; inclusive of the previously published KNP sequence (Carpenter et al., 1996) ) and a group derived from leopards of unknown geographic origin (n = 4). Within the KNP group there does not appear to be any significant geographic structure related to the sampling location of the individual leopards and their associated viral sequences ( Fig. 1; Fig. 3 ).
The average sequence divergence for all sequence pairs in the FIV pol-RT reference dataset shows a mean value of 40.7 ± 4.2% for FIV pol-RT. Even though the imbalance in sample sizes and limited geographic sampling can bias the comparisons between and within host species, it is interesting to note that with the data at hand the estimation of the sequence diversity based on the FIV pol-RT region for each species-specific group (where at least three or more sequences allowed for inclusion in the analysis) range from 7.6 ± 1.8% in FIV Oma to a high of 35.4 ± 3.8% in FIV Pco (Fig. 4) . Analysis of divergence between each of the species-specific groups based on the FIV pol-RT region ranged from a low of 13.5 ± 1.9% between FIV Ppa and FIV Aju to a high of 68.7 ± 11.3% between FIV Fca and FIV Pun (Fig. 4) . The genetic diversity of 7.9 ± 1.1% for the currently sampled FIV Ppa is thus towards the lower end of the spectrum (genetic diversity for the KNP group is 4.1 ± 0.7% while it is 10.9 ± 2.3% for the sequences on GenBank with an unknown geographic origin). Interestingly, the genetic divergence between the two leopard clades detected in our analyses is 14.3 ± 3.8%, and is also lower than the genetic divergences between the six FIV Ple subtypes which range from as low as 18.8 ± 2.7% for FIV Ple subtype B and F to as high as 45.0 ± 7.0% for FIV Ple subtype C and D (Fig. 4) . It is also lower than the genetic divergence of 45.1 ± 5.5% for the two FIV Pco subtypes (Fig. 4) .
DISCUSSION
Prevalence of FIV in leopards
To date, a limited number of FIV pol-RT sequences have been available for leopards (n = 5). Here we provide sequence data for 19 new isolates and report a FIV Ppa prevalence of 73% for the KNP leopard population. The PCR-detected prevalence is similar to the seroprevalence of 71% reported by Brown et al. (1993) for free-ranging leopards in KNP. These estimates are however considerably higher than the seroprevalence of 17% reported by Osofsky, Hirsch, Zuckerman & Hardy (1996) for leopards from Botswana and the seroprevalence of between 26 and 46% reported by Troyer et al. (2005) for leopards from across Africa. The congruence between the seroprevalence and PCR detected prevalence of FIV Ppa in KNP leopards is remarkable since a direct comparison between these methods is problematic. One of the limitations of using only PCR to estimate prevalence is that individuals which have a viral load below the detectable limit of a particular PCR may be missed (Troyer et al., 2004) . Serological testing, on the other hand, has not been optimized for all wild felid species and the level of accuracy for this method has also been questioned (Troyer et al., 2005) . Making accurate prevalence predictions is thus not only reliant on large samples sizes (Biau, Kerneis & Porcher, 2008) but is dependent on sensitive and specific tests. To make a firm conclusion on the prevalence of FIV Ppa in leopards, a much bigger sampling effort over a larger geographic area would be required. The latter is needed since prevalence has also been shown to vary substan- Fig. 2 . Bayesian tree of 78 FIV pol-RT sequences (369 bp) isolated from the 10 felid species included in the proposed FIV pol-RT reference dataset. Posterior probabilities ³0.95 are indicated with ''. ML Bootstrap values above 70% (1000 iterations) are also indicated where found. The tree is midpoint rooted. Each sequence is designated by a unique sequence name comprising of GenBank accession number, virus abbreviation, felid species from which sample was collected, individual sample ID, FIV subtype where available, and country of origin (Table S1 -Supplementary Material). Sequences isolated from captive/wild-born captive animals are designated by '*', all other sequences were isolated from wild animals. Sequences are colour coded according to the host species from which they were isolated. Novel FIVPpa sequences are indicated using grey italics font. Sequences which represent cross-species transmissions in captive settings are indicated with black italics font and shaded '¨'. Fig. 2 . Novel FIVPpa sequences isolated from KNP leopards are colour coded to correspond with the sampling locations in Fig. 1. Fig. 4 . Diversity schematic for 78 FIV pol-RT sequences (369 bp) used in the reference dataset showing estimates of average sequence diversity and divergence within and between the 10 FIV clades as well as the average evolutionary divergence within and between subtypes associated with FIVPle, FIVPco and FIVLru. Major FIV clades are designated in colour by an * which correspond with the colours used in Fig. 2 and Fig. 3 .
tially within felid species depending on geographic area and study design (Brown et al., 1993; Osofsky et al., 1996; Troyer et al., 2005) . The seroprevalence and PCR prevalence of above 70% detected in KNP leopards is higher than the seroprevalence of FIV detected in the seven non-domestic solitary felid species (puma, bobcat, cheetah, Pallas cat, ocelot, jaguarundi, snow leopard). Only lions which are considered to be the only truly social cats (Spencer et al., 1992; Stuart & Stuart, 2007) have an overlapping or higher seroprevalence of FIV ranging from 67-100% (Olmsted et al., 1992; Brown et al., 1993; Troyer et al., 2005; Roelke et al., 2009 ). The relatively high prevalence of FIV in the KNP leopard population could potentially be associated with the relatively high density of leopards in KNP, which would increase the potential for intraspecific interactions and the transmission of FIV . Most habitat types within KNP support leopard densities between 12.7-30.3 individuals/100 km 2 (Chase Grey, Kent & Hill, 2013; Maputla, 2014) which exceeds densities in other parts of South Africa (0.6-11.11/100 km 2 ) (Chapman & Balme, 2010; Martins, 2011; Swanepoel, Somers & Dalerum, 2015) , Botswana (6.9-7.5/100 km 2 ) (Steyn, 2007) , Namibia (1-3.6/100 km 2 ) (Stein, Fuller, DeStefano & Marker, 2011) , East Africa (3.8-8.5/100 km 2 ) (Mizutani & Jewell, 1998) and West Africa (2.7-12.1/100 km 2 ) (Jenny, 1996) . Another possibility for the higher infection rates in KNP than elsewhere on the African continent may be related to sampling bias. In contrast to the study by Osofsky et al. (1996) where all leopard samples originated from legal hunting, a large percentage of the animals in the current study were animals caught in baited cage traps. It is possible that baited traps selected for animals in lower body condition (Bisi et al., 2011) , since these animals are most likely immune compromised and can thus benefit more through engaging in riskier behaviour in order to benefit from food incentives.
Age-related infection has previously been observed in both solitary and social felids including African lions (FIV Ple ) (Spencer et al., 1992; Adams et al., 2009) , pumas (FIV Pco ) (Biek et al., 2003) and bobcats (FIV Lru ) (Lee et al., 2012) . Based on a small samples size used in the present study, FIV prevalence in leopards in the KNP also appears to increase with age, with less than 50% of subadult leopards infected and over 80% of adult leopards infected. From our data, there also appears to be no difference in the overall prevalence of FIV between male and female leopards. The latter suggests that differences in life history between males and females (such as social contact and aggression) is not playing a large role in the transmission of FIV in leopards.
Phylogenetic analysis and sequence diversity of FIV pol-RT sequences
Analyses of the updated and revised FIV pol-RT reference dataset (Supplementary Material) includes sequences previously not included in broad scale FIV studies and thus provides the most up to date analysis of all currently published FIV strains. Troyer et al. (2005) previously described FIV Ppa as monophyletic; we suggest here the possibility of two distinct monophyletic groups within FIV Ppa and therefore the possibility of two discrete FIV Ppa subtypes. By comparing the two FIV pol-RT lineages observed in leopards to the FIV Ple subtypes observed in lions, some additional inferences can be made. Previous studies on lions suggested that subtypes diversify based on geographic location , such as FIV Ple subtype A (southern African and East African Isolate) which forms two geographically isolated monophyletic clades (Fig. 2) . Since the genetic diversity within FIV Ppa is less than the divergence between previously described FIV Ple subtypes it is more likely a single monophyletic FIV Ppa clade as suggested by Troyer et al. (2005) , but may be subdivided due to geographic location of the host species. Since to date only well-studied FIV strains (FIV Fca , FIV Pco and FIV Ple ) have been divided into subtypes ( Fig. 2; Fig. 4) , an expanded geographic sampling of leopard FIV is needed to provide more clarity.
Should the paraphyletic clustering of leopard FIV, and the low sequence divergence between FIV Ppa and FIV Aju hold, then it is interesting to speculate about the potential evolutionary mechanisms involved. It is well established that virus strains isolated from different species of felids often cluster according to the geographic region of host species rather than the strict phylogenetic relationships of the hosts (Franklin et al., 2007; Troyer et al., 2008) . Our phylogenetic tree suggests that KNP leopards share a FIV strain that is closer to FIV isolated from Tanzanian cheetah than to other leopards sampled outside KNP (Fig. 3) . This finding does not fully corroborate the idea that host switching among felid species is facilitated by taxa sharing overlapping geographic ranges (Franklin et al., 2007; Troyer et al., 2008) . In the case of the KNP leopard population, it is more parsimonious to suggest that the FIV Ppa sequences isolated from leopards carry a signal of ancestral cross-species infection between leopard and cheetah since these sequences group together nested within a larger clade. However, the similar sequence diversity within FIV Aja (12.8 ± 2.2%; Fig. 4 ) when compared to the sequence divergence between FIV Ppa and FIV Aja (13.5 ± 1.9%; Fig. 4) , and the paraphyletic clustering of FIV Ppa, may also suggest that these two species-specific stains of FIV are in fact polyphyletic and not fully diverged from each other. Additional cheetah and leopard samples are clearly needed to obtain a more accurate assessment of the mechanisms involved in the evolution of leopard FIV.
At the smaller geographic scale, within the KNP sampled population, there appears to be an absence of geographic structure related to the sampling location of the individual leopards and their associated viral sequences. In five of the seven cases where FIV Ppa lineages cluster together, the hosts originated from different sampling localities ( Fig. 1; Fig. 3 ). These close evolutionary associations among the lineages is further supported by the low genetic diversity of FIV Ppa within KNP (4.1 ± 0.7%).
The discovery of a high prevalence and seemingly geographically structured FIV Ppa strains has some conservation relevance. It has been reported that the pathogenic effects of FIV may vary between the different strains of FIV but in some instances inferences on pathogenic potential is highly speculative (Brown et al., 1994; Hofmann-Lehmann et al., 1996; Pecon-Slattery et al., 2008a; Adams et al., 2009) . As mentioned previously, there is still much speculation surrounding the pathogenic potential of FIV in wild felids. It has been suggested that wild felids may be tolerant to their speciesspecific FIV strains (Carpenter & O'Brien, 1995) . However, more recent studies have recorded that FIV Ple positive lions develop lymphocyte deficiencies, shown by a decrease in the total number of CD4+ and CD8+ T-cells and highlights the importance of monitoring the number of CD4+ cells in infected animals to examine disease progression (Bull et al., 2003; Roelke et al., 2006) . In addition, Roelke et al. (2009) found that lions infected with FIV Ple exhibit symptoms associated with immunodeficiency viruses (HIV, SIV and FIV Fca ) such as poor overall health and condition, oral lesions (gingivitis and oral papillomas), dehydration, abnormal red blood cell parameters and evidence of lymphadenopathy (enlarged lymph nodes). Considering this and the high prevalence of FIV Ppa detected in leopards we could speculate that the KNP leopard population may be at risk of disease, and thus recommend long-term monitoring of the individuals identified as FIV positive in this study. This will provide new insights into disease progression in wild leopards and can aid in the conservation of this threatened large felid species.
Although our study is based on limited sampling, in a small geographic area, it highlights the need for more systematic sampling of FIV in many felid species. These data are critically needed to better understand the real distribution and prevalence of FIV, how the virus changes over time, what role cross-species infections play and most importantly whether FIV infection pose a significant conservation risk to the health of free-ranging felines.
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